Introduction {#sec1-1}
============

Acute coronary syndrome (ACS) refers to a spectrum of clinical presentations caused by acute myocardial ischemia, ranging from those for ST-segment elevation myocardial infarction (STEMI) to presentations found in non-STEMI (NSTEMI) or in unstable angina (UA), which are categorized based on the 12-lead electrocardiogram at presentation. In the third universal definition of myocardial infarction, cardiac troponin T (cTnT) is defined as a standard for detection of myocardial ischemia.\[[@ref1]\] The sensitivity of cTnT for the diagnosis of AMI was observed to be lower within 4 h of chest pain (55%) than at ≥12 h (97%) after presentation.\[[@ref2]\] Hence, newer high-sensitivity cardiac assays like hs-troponin T (hs-cTnT) with increased analytical sensitivity and lower limits of detection are being used, which has improved the identification of patients with AMI presenting in the first 3 h following the onset of symptoms. A variety of clinical conditions other than myocardial infarction may be associated with elevated cardiac hsTnT levels because of its lower limits of detection.\[[@ref3][@ref4]\] Since the level of troponin rises only when there is an evidence of myocardial necrosis, biomarkers that are able to identify and differentiate the patients with chest pain of etiology other than myocardial necrosis, might serve an important role in a clinical setting. A novel biomarker for the detection of myocardial ischemia is ischemia modified albumin (IMA) which is produced because of alteration of human serum albumin by ischemia, and has recently been evaluated as a marker of ischemia.\[[@ref5]\] The advantage of this assay over hs-cTnT is that the levels of IMA are positive within minutes of ischemia and remains elevated for up to several hours, allowing detection before the development of myocardial necrosis.\[[@ref6]\] Hence, a negative IMA result may help in moving the patients into a low-risk category by initial evaluation based on the clinical presentation, thereby providing a major cost saving.\[[@ref7]\] Since no study has been found in India showing the utility of IMA with hs-cTnT in ACS, the aim of this study was to evaluate the analytical performance of these markers together in patients of ACS.

Materials and Methods {#sec1-2}
=====================

The study having 1-year duration was carried out at Shree Krishna Hospital and H M Patel Centre for Medical Care and Education, a 550 bedded tertiary care rural based, teaching hospital attached to Pramukh Swami Medical College, Karamsad, from August 2013 to August 2014. A study protocol was set before undertaking this study, and it was approved by Institutional Human Research Ethical Committee. The present study comprised of 120 individuals between the age of 30 and 80 years which included 75 patients admitted in the emergency department and intensive cardiac care unit within 6 h of clinical signs and symptoms of ACS. 45 out of 75 patients who had acute chest pain and evidence of myocardial ischemia (their hs-cTnT being \<100 pg/mL but had more than 14 pg/mL in initial 6 h of presentation and further rose by 100% after 6--12 h of first estimation) were included in group 1 (ischemic chest pain), while 30 out of 75 patients who had acute chest pain, but no subsequent evidence of cardiac involvement (their hs-cTnT was \<100 pg/mL but more than 14 pg/mL and did not have significant rise after 6--12 h of first estimation) was included in group 2 (nonischemic chest pain). As a control (group 3) 45 normal individuals coming for routine checkup were taken. Diagnosis of myocardial infarction was done on the basis of the third universal definition of myocardial infarction. All the patients with sepsis, pulmonary embolism, peripheral vascular disease, stroke, liver cirrhosis, and renal failure were excluded. Blood was collected from all the enrolled patients within 1 h of admission before any treatment was started, in red top vacutainer tubes, containing no anticoagulant. Specimens were routinely centrifuged within 1 h of collection for 15 min at 2000 rpm, and serum was separated. hs-cTnT were estimated immediately after the separation of serum. After estimation of the tests, sera were frozen at −20°C for IMA estimation at a later stage. hs-cTnT was measured quantitatively using electrochemiluminescence (ECL immune assay) based on ECL technology (high sensitivity troponin T, Cobas e411, Roche, Mannheim, Germany). Measuring range: 3.0--10,000 pg/mL. IMA was estimated using albumin cobalt binding (ACB) test.\[[@ref5]\] IMA assay was standardized in the Department of Biochemistry using different concentrations of CoCl~2~ ranging from 10.0 to 40.0 μg CoCl~2~/mL. Standard curve was prepared in the range 10.0--40.0 μg CoCl~2~ /mL. One IMA unit was defined as "μg of free Co^+2^ in the reaction mixture per milliliter of serum sample." Calibration was done before running each batch of samples using freshly prepared CoCl~2~ and dithiothreitol reagents. Before running each batch control was done using known patient sample from a previous batch which had been frozen after the test.

Statistical analysis {#sec2-1}
--------------------

Statistical analysis was performed using the commercially available statistical software SPSS for Windows, Version 14.0.SPSS Inc., Chicago), MedCalc for Windows, version 12.5 (MedCalc Software, Ostend, Belgium) and Microsoft Excel. The *P* \< 0.05 was considered statistically significant. The unpaired *t*-test was applied for the statistical analysis and the results were expressed in mean ± standard deviation. Receiver operating characteristic (ROC) curve analysis and calculation of the area under the curve (AUC) were done for all parameters included in the study population according to the method of Hanley and McNeil. The optimum cut-off was used to dichotomously classify the positive or negative serum IMA and hs-cTnT levels, and it was also used for calculating the diagnostic sensitivity and the specificity.

Results {#sec1-3}
=======

The common age group of 120 individuals enrolled was between 30 and 80 years (divided into 45 patients of ischemic chest pain, 30 patients of nonischemic chest pain and 45 healthy individuals as controls) with a mean age of 58.08 ± 12.93. Among those 120 individuals, 77 were males and 43 were females \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Demographic data of all individuals included in study groups (*n*=120)

![](JFMPC-4-570-g001)

![Age and gender wise distribution of all individuals included in study groups](JFMPC-4-570-g002){#F1}

Among 45 patients from ischemic chest pain group (26 patients with ST segment elevation, 19 patients without ST segment elevation which included patients with ST depression and left bundle branch block) had a mean age of 61.29 ± 10.76 and among them 31 individuals were males. The 30 patients from the nonischemic chest pain group had a mean age of 60.07 ± 12.89 and among them 19 were males. The control group consisting 45 individuals had a mean age group of 53.49 ± 13.84 and among them 27 individuals were males. The unpaired *t*-test showed t = −3.063, degree of freedom = 118 and *P* = 0.221. This showed that there was no significant difference between these age groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of age between case and control groups
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The IMA values for the control reference population are normally distributed. Values for the control reference population \[[Table 3](#T3){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\] are 17.81--54.03 U/mL (mean, 41.11 U/mL; median, 40.27 U/mL). The upper 95^th^ percentile was 44.81 U/mL.

###### 

Summary of distribution of serum IMA levels amongst different study groups
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![Distribution of ischemia modified albumin values for the control reference population (*n* = 45)](JFMPC-4-570-g005){#F2}

To find out whether there was any correlation of serum IMA levels in between case and control group, unpaired *t*-test was performed, and *P* value was derived. The value *P* ≤ 0.001 suggested a significant difference in values of IMA between these two groups. Similarly, when unpaired *t*-test was performed between ischemic and nonischemic chest pain group, the value *P* = 0.012 suggested that levels of IMA in patients of chest pain with ischemia were statistically significantly higher compared with patients of chest pain without ischemia \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}, Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

###### 

Comparison of serum IMA levels between case and control group

![](JFMPC-4-570-g006)

###### 

Comparison of serum IMA levels between ischemic chest pain and nonischemic chest pain groups
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![Box and whisker plot showing comparison of ischemia modified albumin levels between case and control group](JFMPC-4-570-g008){#F3}

![Box and whisker plot showing comparison of ischemia modified albumin levels between ischemic chest pain and nonischemic chest pain group](JFMPC-4-570-g009){#F4}

Receiver operating characteristic curves were constructed to test the performance of IMA and hs-cTnT for rule-in and rule-out of AMI and earlier prediction in patients with an initially less hs-cTnT result that turned positive within 6--24 h after admission. Sensitivities, specificities, negative predictive, and positive predictive values (NPV and PPV) were calculated from ROC curves. Statistics was used to compare the AUC of the ROC curves. The AUC for IMA and hs-cTnT in initial 6 h was 0.932 (0.87--0.97; *P* \< 0.001) and 0.797 (0.71--0.86; *P* \< 0.001), Respectively \[[Figure 5](#F5){ref-type="fig"}\]. On considering the cut-off points as \>65.23 for IMA and \>14 for hs-cTnT which were obtained from ROC curve, the statistical data are shown in [Table 6](#T6){ref-type="table"}. Sensitivity (95.6%) and NPV (95.8%) was higher for hs-cTnT while specificity (81.1%) and PPV (74.4%) was higher in for IMA. By combining IMA with hs-cTnT, the sensitivity, specificity, PPV, and NPV were 95.7%, 81.1%, 88.6%, and 92.5%, respectively. The PLR was 5.06 and NLR was 0.05.

![Comparison of receiver operating characteristic curves of ischemia modified albumin and high sensitive cardiac troponin T](JFMPC-4-570-g010){#F5}

###### 

Sensitivity, specificity, PPV, NPV, PLR, NLR, and AUC of IMA and hs-cTnT (individually and after combining both parameters) during initial 6 h of presentation at the optimum cut-off value obtained from the ROC taking significant rise in hs-cTnT after 6-12 h as standard marker
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Discussion {#sec1-4}
==========

An ideal diagnostic test should have the ability to triage majority of patients without MI for safe discharge rapidly and correctly to ensure efficient appropriation of reserves in the emergency department settings with low threshold for "missed MI\'s." The current scenario is changing to high sensitive troponin assays which have 10--100 folds lower detection limits than conventional assays. With a decrease in the diagnostic cut-off by implementing more sensitive and precise assays, sensitivity is further increased but specificity is decreased owing to detection of more acute, subacute, and chronic cardiac diseases not related to ACS.\[[@ref8][@ref9]\]

Under these circumstances, necessity calls for the availability of such a marker which helps in the rule in and rule out criteria for acute myocardial infarction especially in early presenters. IMA is a novel biomarker that has shown to improve the diagnosis in many studies and can support the early diagnosis of myocardial infarction.\[[@ref10]\] Hence, in this study, we have reported the diagnostic utility of IMA and compared that with the hs-cTnT assay for the evaluation of patients with ACS.

In the present study, when serum IMA levels were compared between group 1 (ischemic chest pain) and group 2 (nonischemic chest pain), the levels of IMA were significantly higher in ischemic chest pain group as compared to nonischemic chest pain group (*P* = 0.012). Similarly, *P* \< 0.001 on comparing levels between ischemic chest pain group and control group. Sensitivity and NPV were higher for hs-cTnT while specificity and PPV were higher in for IMA. The combination of IMA with hs-cTnT yielded an AUC of 0.884 (95% confidence interval \[CI\]: 0.820--0.948, *P* \< 0.001) with better sensitivity, specificity, PPV, and NPV as well. Our results are in complete agreement with Patil *et al*.,\[[@ref11]\] Gurumurthy *et al*.,\[[@ref12]\] Ertekin *et al*.,\[[@ref13]\] and Pan *et al*.\[[@ref14]\] as sensitivity, specificity, PPV, and NPV of the present study were found to be similar with those studies.

Patil *et al*.\[[@ref11]\] conducted a study on 102 patients of acute chest pain in which IMA and troponin I were estimated. Ischemia modified albumin (*P* \< 0.05) and troponin I (*P* \< 0.001) concentrations were significantly higher in acute myocardial infarction and in UA than in the healthy controls. The sensitivity and specificity of ischemia modified albumin for the detection of ACS was 88% and 93% as compared to 87% and 75%, respectively, for troponin I. The combined use of ischemia modified albumin and troponin I significantly enhanced the sensitivity to 96%. The area which was under the ROC curve of ischemia modified albumin in ACS was 0.90.

In a study conducted by Gurumurthy *et al*.,\[[@ref12]\] 540 patients were included, and IMA was estimated. Mean serum IMA levels (U/mL) in patients with STEMI (92.1 ± 10.6), NSTEMI (87.3 ± 5.95), and UA (88.9 ± 6.16) were significantly higher than noncardiac chest pain (77.9 ± 6.69) and also healthy subjects (54.7 ± 17.2) (*P* \< 0.001). ROC curve analysis of IMA in serum revealed that the cut-off value above which IMA can be considered positive was 84.4 U/L. The area under the curve was found to be 0.933 with 95% CI (0.911--0.954) (*P* \< 0.0001). The sensitivity and specificity were found to be 88 and 89%, respectively.

Ertekin *et al*.\[[@ref13]\] carried out a study on 30 ACS patients in which statistically significant higher IMA values were determined in the patient groups compared to the control group (*P* \< 0.001 for both groups). ROC curve analysis of IMA in serum was done. The area under the curve was found to be 0.898. The sensitivity, specificity, PPV, and NPV were found to be 83%, 90%, 89%, and 84%, respectively. The PLR was 2.25 and NLR was 0.17.

Pan *et al*.\[[@ref14]\] conducted a similar study on 169 patients in which IMA level was detected by ACB test. AUC was 0.754. As the cut-off point for IMA in this study was 70.4 U/mL, the sensitivity, specificity, PPV and NPV of IMA were 79.8%, 65.2%, 77.7%, and 69.7% respectively. The sensitivity and NPV of IMA combined with the conventional cardiac marker panel for the diagnosis of ACS were 93.4% and 86.0%, respectively. In this study, the sensitivity, specificity, PPV, and NPV of a combination of IMA and MPO were 93.5%, 97.2%, 98.1%, and 90.7%. While in case of combining IMA with hs-cTnT, the corresponding values were 95.7%, 81.1%, 88.6%, and 92.5%.

For effective management in the emergency department, NPV is most essential as negative hs-cTnT value helps to rule out ACS. The gain in sensitivity may be particularly important in patients with a short duration from symptom onset to admission. A negative hs-cTnT test has a high NPV, and may thus serve as an exclusionary test early in the diagnostic process. It was the main advantage of choosing hs-cTnT instead of conventional cTnT.

As multiple cardiac and noncardiac conditions are associated with mild-to-moderate hs-cTnT elevations, serial testing will become increasingly important for identifying those patients with true ACS.\[[@ref8]\] By the time, hs-cTnT levels rise on serial dilution irreversible injury occurs in the myocardium. Hence, an added value by early and specific marker like IMA would help in the decision-making power of myocardial ischemia and can help in early intervention. If treatment of AMI is done within 1 h (the golden hour), mortality can be reduced from 9% to 3%, if delay of 3--4 h, mortality could be 5 times higher.\[[@ref15]\] IMA levels increase within 30 min of an ischemic episode which has significant advantages over hs-cTnT (which takes 3--6 h to rise to measurable circulating levels after MI) suggesting IMA may be useful in a triage. When using traditional cardiac markers like troponins, there is a substantial delay before the factor is expressed after cardiac damage, and many ischemic episodes do not lead to increased troponin levels. Since hs-cTnT has higher sensitivity and NPV while IMA has higher specificity and PPV, IMA and hs-cTnT comprise an excellent combination which can be used in the early diagnosis of ACS. When the physician is trying to decide whether to send the patient home or keep him in the hospital, the information from these tests will be useful.

Conclusion {#sec1-5}
==========

From this study, it can be concluded that hs-cTnT assay is a useful diagnostic test that can be performed to rule out ACS in patients with chest pain but because of its high sensitivity, it may give false positive results. Various noncardiac ailments contribute to the rise in the levels of hs-cTnT, hence serial sampling becomes important for making a confirmatory diagnosis, especially in early presenters. Results of hs-cTnT may be less confirmatory in patients who present to the emergency department soon after the onset of chest pain as it increases 3--6 h after onset of chest pain. Under these circumstances, early cardiac biomarker like IMA can be used which adds to the diagnostic efficacy of myocardial infarction and early treatment can be initiated to prevent mortality.
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